
 
 
 

Figure S1. Amino acid sequences of the F11 Fab fragment and HA protein of the influenza A/Narita/1/2009 

(H1N1)pdm09 strain. (A) Amino acid positions of the F11 immunoglobulin heavy (H) chain (GenBank 

accession number: QII15721) and light (L) chain (GenBank accession number: QII15722) of the F11 antibody 

[1]. Residue positions are according to Kabat numbering [2]. FR: frame region; CDR: complementarity 

determining region. Blue solid lines indicate the CDR according to IMGT [3]. Residues used for the site-

directed mutagenesis in this study are marked in red. (B) Amino acid positions of the A/Narita/1/2009 

(H1N1)pdm09 virus HA ectodomain (GenBank accession number: ACR09396)[4]. The hydrophobic groove 

[5,6], receptor binding sites (130 loop, 190 helix, and 220 loop) [7,8], HA0 cleavage loop and fusion peptide 

are indicated by green, grey, dark green and yellow, respectively. 

 



 
 

Figure S2. Binding modes in the docking simulations of the F11 Fab fragment and glycosylated HA trimer 

of influenza A/Narita/1/2009 (H1N1)pdm09. The glycosylated HA trimer model was constructed by 

homology modeling and subjected to MD simulations using the modules in the Amber 16 program package 

[9]. The HA structure at 400 ns of MD simulation was used for the docking of the F11 Fab fragment as 

described in the Materials and Methods. (A) Side views of the top two binding modes. The constant region 

of Fab is involved in binding in the highest ranked docking pose. Therefore, this docking pose is likely to 

reflect an artifact, possibly due to the absence of the Fc region in the simulation. Only the variable region of 

the Fab fragment is involved in the binding in the second highest docking pose (top-2 binding mode). Dotted 

circles indicate the interaction interface between Fab and HA. (B) Potential steric hindrance in the highest 

ranked binding mode. The F11 IgG1 full-length model was constructed using the Antibody Modeler 

application of MOE [10] and superposed with the top two docking poses. A red circle indicates areas of 

atomic crash between the Fc fragment and HA. (C) Grouping of the F11 binding modes. The top 100 docking 

poses were grouped according to the binding modes of the Fab fragment. Crosslinking: binding modes that 

crosslinked two HA monomers; Monomer: binding modes that bound only to HA monomer; Unclassified: 

binding modes that involved binding of the Fc region or caused steric crashes between F11 antibody and 

HA. 

 



 
Figure S3. Effects of F11 Y49P and G65F substitutions on molecular interactions. (A, B) Local structures 

around Y49F (A: left and middle panels) and G65F (B: left and middle panels) substitution sites are shown. 

Dotted lines indicate hydrogen bonds and arene interaction formed between HA and F11. (A, B: right panel) 

Distribution of the binding energies of the HA-Fab complexes during MD simulations. Binding energies 

were calculated with the HA-Fab complexes during 180 to 200 ns of MD simulation (n=20) using the 

Potential Energy application of MOE. 
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